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SENSORLESS PROTECTION FOR
ELECTRONIC DEVICE

The present invention generally relates to electronic
devices with fault detection for a variety of faults, such as
overtemperature detection and/or transistor failure and more
particularly to an electronic device with a fault detection
system for providing thermal protection and for identifying
transistor failure that employs two resistor networks and a
plurality of transistors to i1dentily conditions in which an
undesired temperature gradient has been applied to an
clectronic device.

With reference to FIG. 1 of the drawings, an electronic
device having a thermal protection means i1s generally
indicated by reference numeral 1. The thermal protection
means includes a plurality of temperature sensing devices
2a, 2b, 2¢ and 2d, that are employed to sense the temperature
of the electronic device 1 (e.g., the temperature of transistors
Q1, Q2, Q3 and Q4, respectively) and responsively generate
a sensor signal. A controller 3 receives the sensor signals and
performs a predetermined action 1n response to a determi-
nation that one or more of the temperature sensing devices
2a, 2b, 2c and 2d has sensed a temperature in excess of a
predetermined temperature.

Such thermal protection means can sufler from the fol-
lowing drawbacks: relatively sluggish 1n 1dentifying a ther-
mal runaway condition; relatively complex; typically rely on
a fixed set point so as to undesirably employ a relatively
large or small margin of safety; 1s highly dependent upon the
accuracy of the temperature measurements; and/or have a
relatively limited capability to identify situations where “hot
spots” are generated due to manufacturing variation. Addi-
tionally, the protection provided by such thermal protection
means may fail 1in situations where one or more of the power
semiconductor devices (e.g., Q1, Q2, Q3 or Q4) in the
clectronic device 1 fail (1.e., short) prior to the operation of
the electronic device 1. Accordingly, there remains a need in
the art for an improved thermal runaway protection system.

SUMMARY

In one form, the present teachings provide a method that
includes: providing an electronic device with a first potion
and a second portion, the first portion including a first
resistor network, a first group of transistors and a second
group of transistors, the first resistor network being electri-
cally disposed between a positive circuit leg and a negative
circuit leg and coupled to the first and second groups of
transistors at first and second intermediate points, respec-
tively, each of the first and second groups of transistors
including a first transistor and a second transistor coupled 1n
series between the positive circuit leg and the negative
circuit leg, the first intermediate point being disposed
between the first and second transistors of the first group of
transistors, the second intermediate point being disposed
between the first and second transistors of the second group
of transistors, the first resistor network providing a first
output having a first voltage associated therewith, the second
portion having a second resistor network electrically dis-
posed between the positive circuit leg and the negative
circuit leg, the second resistor network providing a second
output having a second voltage associated therewith; switch-
ing a state of the first one of the first group of transistors and
the second one of the second group of transistors to cause a
leakage current in each of the first one of the first group of
transistors and the second one of the second group of
transistors, the leakage currents cooperating to atlect the first
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voltage; and determiming 11 a differential between the first
voltage and the second voltage exceeds a first predetermined
voltage differential.

In another form, the present teachings provide an elec-
tronic device having a first portion, a second portion, a
comparator and a controller. The first portion has a first
resistor network, a first group of transistors and a second
group of transistors. The first resistor network 1s electrically
disposed between a positive circuit leg and a negative circuit
leg and 1s coupled to the first and second groups of transis-
tors at first and second 1intermediate points, respectively. The
first resistor network includes a first resistive device that has
a first resistance which 1s disposed between the positive
circuit leg and a network centerpoint, a second resistive
device that has a second resistance and which 1s disposed
between the network centerpoint and the first output, a third
resistive device that has a third resistance and which 1s
disposed between the first output and the negative circuit
leg, a fourth resistive device that has a fourth resistance and
which 1s disposed between the network centerpoint and the
first intermediate point, and a fifth resistive device that has
a fifth resistance and which 1s disposed between the network
centerpoint and the second intermediate point. Each of the
first and second groups of transistors includes a first tran-
sistor and a second transistor that are coupled in series
between the positive circuit leg and the negative circuit leg.
The first intermediate point 1s disposed between the first and
second transistors of the first group of transistors. The
second intermediate point 1s disposed between the first and
second transistors of the second group of transistors. The
first resistor network provides a first output having a first
voltage associated therewith. The second portion has a
second resistor network electrically disposed between the
positive circuit leg and the negative circuit leg. The second
resistor network provides a second output having a second
voltage associated therewith. The second resistor network
includes a sixth resistive device that has a sixth resistance
and which 1s disposed between the positive circuit leg and
the second output and a seventh resistive device that has a
seventh resistance and which 1s disposed between the second
output and the negative circuit leg. The comparator 1is
coupled to the first and second outputs and 1s configured to
produce an output that 1s based on a difference between the
first voltage and the second voltage. The controller 1is
coupled to the first and second transistors of the first and
second groups of transistors and 1s configured to selectively
switch a state of the first one of the first group of transistors
and a state of the second one of the second group of
transistors to cause a leakage current 1n each of the first one
of the first group of transistors and the second one of the
second group of transistors. The leakage currents cooperate
to aflect the first voltage.

In yet another form, the present teachings provide an
clectronic device with a first portion, a second portion, a
comparator and a controller. The first portion has a first
resistor network, a first group of transistors and a second
group ol transistors. The first resistor network 1s disposed
between a positive circuit leg and a negative circuit leg and
has a first intermediate point, a second mtermediate point,
and a first monitoring point. The first group of transistors
including a first transistor, which 1s disposed between the
positive circuit leg and the first intermediate point, and a
second transistor, which 1s disposed between the first inter-
mediate point and the negative circuit leg. The second group
of transistors including a first transistor, which 1s disposed
between the positive circuit leg and the second intermediate
point, and a second transistor, which 1s disposed between the
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second 1ntermediate point and the negative circuit leg. The
second portion has a second resistor network that 1s coupled
between the positive circuit leg and the negative circuit leg.
The second portion has a second monitoring point. The
comparator 1s coupled to the first and second monitoring
points and 1s configured to provide an output signal in
response to a situation where a voltage differential between
a voltage at the first monitoring point and a voltage at the
second monitoring point exceed a predetermined threshold.
The controller 1s coupled to the first and second groups of
transistors and configured to cooperate with the comparator
to test the transistors to 1dentity the occurrence of a group of
faults that includes an unbalanced thermal runaway fault and
fault wherein one or more of the transistors in the first and
second groups of transistors has a high leakage current.

Further areas of applicability of the present invention will
become apparent from the detailed description provided
hereinatfter. It should be understood that the detailed descrip-
tion and specific examples, while indicating the preferred
embodiment of the invention, are mtended for purposes of
illustration only and are not intended to limit the scope of the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Additional advantages and features of the present mnven-
tion will become apparent from the subsequent description
and the appended claims, taken 1n conjunction with the
accompanying drawings, wherein:

FIG. 1 1s a schematic illustration of an electronic device
having a prior art thermal protection means; and

FIG. 2 1s a schematic illustration of an electronic device
having a fault detection system constructed in accordance
with the teachings of the present invention.

DETAILED DESCRIPTION OF THE VARIOUS
EMBODIMENTS

With reference to FIG. 2 of the drawings, an electronic
device 8 1s 1llustrated to include a fault detection system 10
constructed 1n accordance with the teachings of the present
invention. The fault detection system 10 can include a first
portion 12, a second portion 14, a comparator 16 and a
controller 18. The first portion 12 can include a first resistor
network 20 and a plurality of transistors (e.g., 22, 24, 26 and
28). In the particular example provided, the electronic
device 8 includes a switching controller for controlling the
operation of a DC electric motor (not shown) and the
transistors 22, 24, 26 and 28 are employed to control the
operation (1.e., on/oil and the speed) of the motor as well as
its direction (1.e., clockwise or counter-clockwise rotation).
Accordingly, those of ordinary skill in the art will appreciate
that the transistors 22, 24, 26 and 28 can construct a single
phase H-bridge circuit. Depending on the particular appli-
cation, one or more pairs of transistors can be added to form
a multi-phase H-bridge circuit. In such cases, a correspond-
ing first resistor network 20 and a corresponding comparator
16 can be employed to implement fault protection for each
additional phase.

The first resistor network 20 can include a plurality of
resistors (e.g., R1 through R6). The resistors R1 and R2,
which form a first resistive device, can be coupled in series
between a positive circuit leg 30 and an electric centerpoint
32 of the first resistor network 20. The resistor R3 can be
disposed between the centerpoint 32 and a first monitoring
point 34. The resistor R4 can couple the first monitoring,
point 34 to a negative circuit leg 40. The resistors RS and R6
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can be coupled to the centerpoint 32 on a first side and to a
respective one of the first and second intermediate points 42
and 44, respectively. As those of ordinary skill in the art will
appreciate from this disclosure, one or more electric loads
(not shown) are coupled to the first and second intermediate
points 42 and 44.

The transistors 22, 24, 26 and 28 can be any approprate
type of transistor but in the example provided are metal
oxide semiconductor field effect transistors (MOSFET’s).
Each transistor 22, 24, 26, 28 can include a body diode 46
and a parasitic output capacitor 48. The transistors 22, 24,
26, 28 can be coupled in groups, such as pairs, between the
positive circuit leg 30 and the negative circuit leg 40. In the
particular example provided, the transistor 22 1s coupled to
the positive circuit leg 30 and the first intermediate point 42,
while the transistor 24 1s coupled to the first intermediate
point 42 and the negative circuit leg 40. Similarly, the
transistor 26 1s coupled to the positive circuit leg 30 and the
second intermediate point 44, while the transistor 28 1s
coupled to the second intermediate point 44 and the negative
circuit leg 40. Each of the transistors 22, 24, 26, 28 can be
coupled to the controller 18 so that the controller 18 can
selectively change the state of the transistor between a state
that permits the transmission of electrical energy there-
through and a state that inhibits the transmaission of electrical
energy therethrough.

The second portion 14 can include a second resistor
network 50. In the example provided, the second resistor
network 50 includes a plurality of resistors (R7, R8 and R9),
which are connected 1n series between the positive circuit
leg 30 and a second monitoring point 54, and a resistor R10
that 1s coupled between the second monitoring point 54 and
the negative circuit leg 40.

The ratio of the sum of the resistances R1, R2 and R3 to
the resistance R4 can be about equal to the ratio of the sum
of the resistances R7, R8 and R9 to the resistance R10. In the
particular example provided, the resistance of resistors R1
and R7 1s about equal, the resistance of resistors R2 and R8
1s about equal, the resistance of the resistors R3 and R9 1s
about equal, the resistance of the resistors R4 and R10 1s
about equal, and the resistance of the resistors RS and R6 1s
about equal. Additionally, the resistance of the resistors R1
and R3 can be about equal and the resistance of the resistors
R2 and R4 can be about equal.

The comparator 16 can be conventionally constructed and
1s employed to compare the voltage at the first monitoring
point 34 to the voltage at the second monitoring point 54 and
responsively generate a comparator output signal. The com-
parator output signal 1s received by the controller 18, which
1s configured to responsively control the transistors 22, 24,

26 and 28.

Under normal steady-state ofl operation of the transistors
22, 24, 26, 28 (i1.e., the transistors 22, 24, 26 and 28 are
operated 1n a mode that does not conduct electricity there-
through), the voltage at the first and second intermediate
points 42 and 44 1s one half the value of the input voltage
due to the parasitic capacitors 48. Moreover, the resistors R1
through R6 of the first resistor network 20 can cooperate to
maintain the voltage at the first and second intermediate
points 42 and 44 even if there 1s a slight imbalance on the
transistors 22, 24, 26 and 28 1n the steady state ofl condition.
Consequently, the voltage at the first monitoring point 34 1s
equal to the voltage at the second monitoring point 54 and
the comparator 16 can output a comparator output signal that
can correspond to a logical low (1.e., logical zero (0)), for
example.
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In the case where one or more of the transistors 22, 24, 26,
28 that are not located in the same group fail short, the
voltage at the first and second intermediate points 42 and 44
will not be maintained at the aforementioned level and thus
the voltage at the first monitoring point 34 will be diflerent
from the voltage at the second momitoring point 34. If the
voltage differential exceeds a predetermined threshold, the
comparator 16 will generate an appropriate comparator
output signal, such as a comparator output signal that
corresponds to a logical high (i.e., a logical one (1)), thereby
informing the controller 18 of the occurrence of the condi-
tion so that the controller 18 may take an appropriate action
(e.g., to protect the circuitry and load).

Advantageously, the transistors 22, 24, 26, 28 may be
operated 1n a switching-state mode wherein pairs of the
transistors 22, 28 and 24, 26 are selectively turned on and ol
to permit electrical energy transmitted through the transis-
tors 22, 24, 26, 28 to be modulated. This testing may be
performed on a periodic basis (i.e., either at predetermined
intervals or at random 1ntervals) or on the occurrence of a
predetermined condition.

For example, the transistors 22 and 28 can be turned on
while the transistors 24 and 26 remain off, thus causing the
first intermediate point 42 to be coupled to the positive
circuit leg 30 and the second intermediate point 44 to be
coupled to the negative circuit leg 40. Under normal cir-
cumstances, the voltage at the centerpoint 32 will remain at
one half the value of the input voltage and consequently, the
voltage at the first monitoring point 34 will be equal to the
voltage at the second monitoring point 54. Thus, the com-
parator 16 can output a comparator output signal that can
correspond to a logical low (1.e., logical zero (0)), for
example.

Thereafter, the transistors 22 and 28 can be turned off
while the transistors 24 and 26 remain ofl. During the
transition, the parasitic capacitors 48 associated with the
transistors 22 and 28 will charge up, causing the voltage at
the first intermediate point 42 to fall and the voltage at the
second intermediate point 44 to rise. In normal operation,
the rates of fall and rnise are about equal and due to the
resistors RS and R6, the voltage at the centerpoint 32 will
remain at one hall of the value of the input voltage.
Accordingly, the voltage at the first monitoring point 34 1s
equal to the voltage at the second monitoring point 54 and
the comparator 16 can output a comparator output signal that
can correspond to a logical low (1.e., logical zero (0)), for
example.

In situations where the operational temperature of the
transistors 22 and 28 1s significantly different, the transistor
with the higher temperature will have a higher leakage
current 1 the ofl state since the leakage current of the
transistor 1s a function of its junction temperature. Since a
high leakage current will slow the rate at which the parasitic
capacitor 48 charges, the voltage fall at the first intermediate
point 42 will not cancel the voltage rise at the second
intermediate point 44, thus causing a voltage diflerential
between the first and second monitoring points 34 and 54. In
practice, the higher the junction temperature, the higher the
leakage current and the larger the voltage differential
between the first and second monitoring points 34 and 54. In
situations where the rate of change 1n the fall and rise of the
voltage at the first and second intermediate points 42 and 44
1s sulliciently different, the voltage differential between the
first and second monitoring points 34 and 54 will exceed the
predetermined threshold and the comparator 16 will output
an appropriate comparator output signal, such as a compara-
tor output signal that corresponds to a logical high (1.e., a
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logical one (1)), thereby informing the controller 18 of the
occurrence of the condition so that the controller 18 may

take an appropriate action (e.g., to protect the circuitry and
load).

It will be appreciated that the process may then be
repeated for another two of the transistors 22, 24, 26, 28. In
the example provided, the transistors 24 and 26 can be
turned on while the transistors 22 and 28 remain off. Under
normal circumstances, operation of the transistors 22, 24,
26, 28 1n this manner will cause the first intermediate point
42 to be coupled to the negative circuit leg 40 and the second
intermediate point 44 to be coupled to the positive circuit leg
30. In such situation, the voltage at the centerpoint 32 will
remain at one half the value of the mput voltage and
consequently, the voltage at the first momtoring point 34 1is
equal to the voltage at the second monitoring point 34. Thus,
the comparator 16 can output a comparator output signal that
can correspond to a logical low (1.e., logical zero (0)), for
example.

Thereafter, the transistors 24 and 26 can be turned off
while the transistors 22 and 28 remain off. During the
transition, the parasitic capacitors 48 associated with the
transistors 24 and 26 will charge up, causing the voltage at
the first intermediate point 42 to rise and the voltage at the
second intermediate point 44 to fall. In normal operation, the
rates of rise and fall are about equal and due to the resistors
RS and R6, the voltage at the centerpoint 32 will remain at
one half of the value of the mput voltage. Accordingly, the
voltage at the first monitoring point 34 1s equal to the voltage
at the second monitoring point 54 and the comparator 16 can
output a comparator output signal that can correspond to a
logical low (i.e., logical zero (0)), for example.

In situations where the operational temperature of the
transistors 24 and 26 1s significantly different, the transistor
with the higher temperature will have a higher leakage
current 1n the ofl state since the leakage current of the
transistor 1s a function of its junction temperature as noted
above. In situations where the rate of change 1n the rise and
fall of the voltage at the first and second intermediate points
42 and 44 1s suihliciently different, the voltage differential
between the first and second monitoring points 34 and 54
will exceed the predetermined threshold and the comparator
16 will output an appropriate comparator output signal, such
as a comparator output signal that corresponds to a logical
high (1.e., a logical one (1)), thereby informing the controller
18 of the occurrence of the condition so that the controller
18 may take an appropriate action (e.g., to protect the
circuitry and load).

In practice, 1t 1s possible that one or more of the transistors
22, 24, 26, 28 may be manufactured with a flaw such that 1t
has a relatively high leakage current or has a junction “hot
spot” when carrying current. The fault detection system 10
will detect these flaws, since they will cause a voltage
imbalance between the first and second 1ntermediate points
42 and 44. Accordingly, the fault detection system 10 1is
something of a diagnostic tool that will detect problems and
prevent early failures of other circuitry and the load. By way
of comparison, the thermal protection means of FIG. 1
cannot detect a fault condition until the transistors Q1, Q2,
Q3, Q4 (FIG. 1) are operated 1n an electrically-conductive
mode to carry current and overheat.

Those of ordinary skill 1n the art will appreciate that the
protection provided by the fault detection system 10 1s not
dependent upon the accuracy of a temperature measurement
(e.g., from a temperature sensor) and as such, the protection
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will not fail where one or more of the transistors 22, 24, 26,
28 fail (1.e., short) prior to operation of the electronic device
8.

Those of ordinary skill in the art will also appreciate that
the fault detection system 10 will not detect a balanced
runaway situation (1.e¢., where all of the transistors 22, 24,
26, 28 have junction temperatures that are relatively close so
that the voltage differential between the first and second
monitoring points 34 and 34 does not exceed the predeter-
mined threshold despite even where the junction tempera-
ture exceeds a predetermined temperature). Such balanced
thermal runaway conditions may be extremely rare and as
such, 1t may not be necessary to guard against this condition.
In situations where one might desire to protect against a
balanced thermal runaway condition, an appropriate sensor,
such as a temperature sensor T, may be employed to generate
a temperature sensor signal in response to a temperature of
the fault detection system 10 for example. The temperature
sensor signal may be received by the controller 18, permit-
ting the controller 18 to take an approprate action 1f the
temperature that 1s sensed by the temperature sensor exceeds
a predetermined temperature.

While the imnvention has been described 1n the specifica-
tion and 1llustrated 1n the drawings with reference to various
embodiments, 1t will be understood by those of ordinary skill
in the art that various changes may be made and equivalents
may be substituted for elements thereol without departing
from the scope of the invention as defined in the claims.
Furthermore, the mixing and matching of features, elements
and/or Tunctions between various embodiments 1s expressly
contemplated herein so that one of ordinary skill in the art
would appreciate from this disclosure that features, elements
and/or functions of one embodiment may be incorporated
into another embodiment as appropriate, unless described
otherwise, above. Moreover, many modifications may be
made to adapt a particular situation or material to the
teachings of the invention without departing from the essen-
tial scope thereof. Therefore, 1t 1s intended that the invention
not be limited to the particular embodiment illustrated by the
drawings and described in the specification as the best mode
presently contemplated for carrying out this invention, but
that the mvention will include any embodiments falling
within the foregoing description and the appended claims.

What 1s claimed 1s:

1. A method comprising:

providing an electronic device with a first portion and a

second portion, the first portion including a first resistor
network, a first group of transistors and a second group
of transistors, the first resistor network being electri-
cally disposed between a positive circuit leg and a
negative circuit leg and coupled to the first and second
groups ol transistors at first and second intermediate
points, respectively, each of the first and second groups
of transistors including a first transistor and a second
transistor coupled 1n series between the positive circuit
leg and the negative circuit leg, the first intermediate
pomnt being disposed between the first and second
transistors of the first group of transistors, the second
intermediate point being disposed between the first and
second transistors of the second group of transistors,
the first resistor network providing a first output having
a {irst voltage associated therewith, the second portion
having a second resistor network with a first end, which
1s coupled to the positive circuit leg, and a second end,
which 1s coupled to the negative circuit leg, the second
resistor network providing a second output having a
second voltage associated therewaith;
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switching a state of the first one of the first group of
transistors and the second one of the second group of
transistors, wherein a temperature 1mbalance on the
first one of the first group of transistors and the second
one of the second group of transistors causes a leakage
current 1mbalance in the first and second groups of
transistors, the leakage currents cooperating to aflect
the first voltage; and
determining if a differential between the first voltage and
the second voltage exceeds a first predetermined volt-
age differential.

2. The method of claim 1, further comprising:

switching a state of the second one of the first group of

transistors and the first one of the second group of
transistors, wherein a temperature 1mbalance on the
second one of the first group of transistors and the first
one of the second group of transistors causes a leakage
current 1mbalance in the first and second groups of
transistors, the leakage current imbalance cooperating
to aflect the first voltage; and

determining 1f the differential between the first voltage

and the second voltage exceeds a second predetermined
voltage differential.

3. The method of claim 2, wherein the first predetermined
voltage differential 1s equal to the second predetermined
voltage diflerential.

4. The method of claim 2, wherein each of the first and
second transistors of the first and second groups of transis-
tors 1s operable 1n an electrically conducting state and an
clectrically non-conducting state, and wherein the method
further comprises:

maintaining each of the first and second transistors of the

first and second groups of transistors in the electrically
non-conducting state; and

determining 1f the differential between the first voltage

and the second voltage exceeds a third predetermined
voltage differential.

5. The method of claim 4, wherein the third predetermined
voltage differential 1s about equal to the first predetermined
voltage diflerential.

6. A method comprising:

providing an electronic device with a first portion and a

second portion, the first portion including a first resistor
network, a first group of transistors and a second group
of transistors, the first resistor network being electri-
cally disposed between a positive circuit leg and a
negative circuit leg and coupled to the first and second
groups ol transistors at first and second intermediate
points, respectively, each of the first and second groups
of transistors including a first transistor and a second
transistor coupled 1n series between the positive circuit
leg and the negative circuit leg, the first intermediate
point being disposed between the first and second
transistors of the first group of transistors, the second
intermediate point being disposed between the first and
second transistors of the second group of transistors,
the first resistor network providing a first output having
a first voltage associated therewith, the second portion
having a second resistor network electrically disposed
between the positive circuit leg and the negative circuit
leg, the second resistor network providing a second
output having a second voltage associated therewith;
switching a state of the first one of the first group of
transistors and the second one of the second group of
transistors, wherein a temperature 1mbalance on the
first one of the first group of transistors and the second
one of the second group of transistors causes a leakage




C
t

t

us 7,116,110 Bl

9

current 1mbalance in the first and second groups of

[

transistors, the leakage currents cooperating to aflect
the first voltage; and

determining if a differential between the first voltage and

the second voltage exceeds a first predetermined volt-
age differential;

wherein the first resistor network includes a first resistive

device that 1s disposed between the positive circuit leg
and a network centerpoint, a second resistive device
that 1s disposed between the network centerpoint and
the first output and a third resistive device that 1s
disposed between the first output and the negative
circuit leg, the first resistive device having a first
resistance, the second resistive device having a second
resistance and the third resistive device having a third
resistance;

wherein the second resistor network includes a fourth

resistive device that 1s disposed between the positive
circuit leg and the second output and a fifth resistive
device that 1s disposed between the second output and
the negative circuit leg, the fourth resistive device
having a fourth resistance and the fifth resistive device
having a fifth resistance; and

wherein a ratio of the sum of the first and second

resistances to the third resistance 1s equal to a ratio of
fourth resistance to the fifth resistance.

7. The method of claim 6, wherein the sixth resistive
evice that 1s disposed between the network centerpoint and
ne first intermediate point and a seventh resistive device
nat 1s disposed between the network centerpoint and the

second intermediate point, the sixth resistive device having
a sixth resistance, and the seventh resistive device having a
seventh resistance that 1s about equal the sixth resistance.

8. An electronic device comprising;:
a first portion having a first resistor network, a first group

of transistors and a second group of transistors, the first
resistor network being electrically disposed between a
positive circuit leg and a negative circuit leg and
coupled to the first and second groups of transistors at
first and second intermediate points, respectively, the
first resistor network includes a first resistive device
that 1s disposed between the positive circuit leg and a
network centerpoint, a second resistive device that 1s
disposed between the network centerpoint and a first
output, a third resistive device that 1s disposed between
the first output and the negative circuit leg, a fourth
resistive device that 1s disposed between the network
centerpoint and the first intermediate point, and a fifth
resistive device that 1s disposed between the network
centerpoint and the second intermediate point, the first
resistive device having a first resistance, the second
resistive device having a second resistance, the third
resistive device having a third resistance, the fourth
resistive device having a fourth resistance and the fifth
resistive device having a fifth resistance, each of the
first and second groups of transistors including a first
transistor and a second transistor coupled in series
between the positive circuit leg and the negative circuit
leg, the first intermediate point being disposed between
the first and second transistors of the first group of
transistors, the second intermediate point being dis-
posed between the first and second transistors of the
second group of transistors, the first resistor network
providing a {irst output having a first voltage associated
therewith:

a second portion having a second resistor network elec-

trically disposed between the positive circuit leg and
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the negative circuit leg, the second resistor network
providing a second output having a second voltage
assoclated therewith, the second resistor network
including a sixth resistive device being disposed
between the positive circuit leg and the second output
and a seventh resistive device being disposed between
the second output and the negative circuit leg, the sixth
resistive device having a sixth resistance and the sev-
enth resistive device having a seventh resistance;

a comparator coupled to the first and second outputs and
being configured to produce an output that 1s based on
a difference between the first voltage and the second
voltage; and

a controller coupled to the first and second transistors of
the first and second groups of transistors, the controller
being configured to selectively switch a state of the first
one of the first group of transistors and a state of the
second one of the second group of transistors, wherein
a temperature 1mbalance on the first one of the first
group of transistors and the second one of the second
group ol transistors causes a leakage current imbalance
in the first and second groups of transistors, the leakage
current 1imbalance cooperating to affect the first volt-
age.

9. The electronic device of claim 8, wherein the controller
1s further configured to selectively switch a state of the
second one of the first group of transistors and a state of a
first one of the second group of transistors, wherein a
temperature 1mbalance on the second one of the first group
of transistors and the first one of the second group of
transistors causes a leakage current imbalance 1n the first and
second groups of transistors, the leakage current imbalance
cooperating to aflect the first voltage.

10. The electronic device of claim 9, wherein a ratio of the
sum of the first and second resistances to the third resistance

1s about equal to a ratio of sixth resistance to the seventh
resistance.

11. The electronic device of claim 9, wherein the fourth
resistance 1s equal to the fifth resistance.

12. A method comprising:

providing an electronic device with a first portion and a
second portion, the first portion including a first resistor
network, a first group of transistors and a second group
of transistors, the first resistor network being electri-
cally disposed between a positive circuit leg and a
negative circuit leg and coupled to the first and second
groups ol transistors at first and second intermediate
points, respectively, each of the first and second groups
of transistors including a first transistor and a second
transistor coupled 1n series between the positive circuit
leg and the negative circuit leg, the first intermediate
point being disposed between the first and second
transistors of the first group of transistors, the second
intermediate point being disposed between the first and
second transistors of the second group of transistors,
the first resistor network providing a first output having
a first voltage associated therewith, the second portion
having a second resistor with a first end, which 1s
coupled to the positive circuit leg, and a second end,
which 1s coupled to the negative circuit leg, the second
resistor network providing a second output having a
second voltage associated therewith;

controlling the first and second transistors of the first and
second groups of transistors 1 a predetermined man-
ner; and
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determining if a differential between the first voltage and
the second voltage exceeds a predetermined voltage
differential.

13. A method comprising;:

providing an electronic device with a first portion and a
second portion, the first portion including a first resistor
network, a first group of transistors and a second group
of transistors, the first resistor network being electri-
cally disposed between a positive circuit leg and a
negative circuit leg and coupled to the first and second
groups ol transistors at first and second intermediate
points, respectively, each of the first and second groups
ol transistors including a first transistor and a second
transistor coupled 1n series between the positive circuit
leg and the negative circuit leg, the first intermediate
pomnt being disposed between the first and second
transistors of the first group of transistors, the second
intermediate point being disposed between the first and
second transistors of the second group of transistors,
the first resistor network providing a first output having
a {irst voltage associated therewith, the second portion

having a second resistor network electrically disposed

between the positive circuit leg, and the negative circuit
leg, the second resistor network providing a second
output having a second voltage associated therewith:

controlling the first and second transistors of the first and
second groups of transistors 1n a predetermined man-
ner; and

determining if a differential between the first voltage and
the second voltage exceeds a predetermined voltage
differential;

wherein a parasitic capacitor 1s associated with each of the
first and second transistors of the first and second
groups of transistors and wherein controlling the first
and second transistors of the first and second groups of
transistors in the predetermined manner includes:

selecting a first set of transistors and a second set of
transistors, the selected first set of transistors including
the first transistor of the first group of transistors and
the second transistor of the second group of transistors
or the second transistor of the first group of transistors
and the first transistor of the second group of transis-
tors, the selected second set of transistors including the
first and second transistors of the first and second
groups of transistors that are not included in the first set
of transistors; and

switching a state of the first set of transistors to compare

a Tunction that 1s related to a leakage current associated
with each of the transistors of the selected first set of

transistors, the leakage current being related to the
temperature of the transistors; and

wherein the first voltage 1s related to a rate at which the
parasitic capacitors of the selected first set of transistors
charge or discharge.

14. The method of claim 13, wherein controlling the first
and second transistors of the first and second groups of
transistors in the predetermined manner further includes:

switching a state of the second set of transistors to
compare a function that 1s related to a leakage current
associated with each of the transistors of the second set
of transistors, the leakage current i1s related to the
temperature of the transistors;

wherein the first voltage is related to a rate at which the
parasitic capacitors of the second set of transistors
charge or discharge.
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15. The method of claim 14, wherein controlling the first
and second transistors of the first and second groups of
transistors 1n the predetermined manner further includes:

operating each of the transistors of the selected first set of
transistors and the second set of transistors 1n a state
wherein electricity 1s not conducted therethrough.

16. An electronic device comprising:

a first portion with a first resistor network, a first group of
transistors and a second group of transistors, the first
resistor network being disposed between a positive
circuit leg and a negative circuit leg and having a
network centerpoint, a first intermediate point, a second
intermediate point, and a first monitoring point, the first
group ol transistors including a first transistor, which 1s
disposed between the positive circuit leg and the first
intermediate point, and a second transistor, which 1s
disposed between the first intermediate point and the
negative circuit leg, the second group of transistors
including a first transistor, which 1s disposed between
the positive circuit leg and the second intermediate
point, and a second transistor, which 1s disposed
between the second intermediate point and the negative
circuit leg;

a second portion with a second resistor network having
first end, which 1s coupled to the positive circuit leg,
and a second end, which 1s coupled to the negative
circuit leg, the second portion having a second moni-
toring point;

a comparator coupled to the first and second monitoring,
points, the comparator being configured to provide an
output signal in response to a situation where a voltage
differential between a voltage at the first monitoring
point and a voltage at the second monitoring point
exceed a predetermined threshold; and

a controller coupled to the first and second groups of
transistors, the controller being configured to cooperate
with the comparator to test the first and second portions
to 1dentify the occurrence of a group of faults including
an unbalanced thermal runaway fault, a fault wherein
one or more of the transistors 1n the first and second
groups ol transistors has a high leakage current, and a
short.

17. The electronic device of claim 16, further comprising
a temperature sensor coupled to the first portion, the tem-
perature sensor providing a sensor output that 1s received by
the controller, the controller being further operable for
identifying a balanced thermal runaway fault.

18. A method comprising:

providing an electronic device with a first group of
transistors, a second group of transistors and a protec-
tion system having a first resistor network, a second
resistor network, a comparator that 1s configured to
receive a first output of the first resistor network and a
second output of the second resistor network, and a
controller that 1s coupled to the comparator and the
transistors of the pairs of first and second transistors;
the first resistor network being disposed between a
positive circuit leg and a negative circuit leg, the
second resistor network having first end, which 1s
coupled to the positive circuit leg, and a second end,
which 1s coupled to the negative circuit leg; and

employing the protection system to detect a high leakage
current condition, a short condition, or both 1n one or
more of the transistors of the first and second groups of
transistors prior to operating the electronic device such
that two or more of the transistors are operated 1n a state
that 1s electrically conductive.
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19. The method of claim 18, wherein a voltage di

"y

‘erence

between the first and second intermediate points 1s related to

a voltage of the first output is related to a voltage di

the high leakage current or short condition in one or more of
the transistors of the first and second groups of transistors,

‘erence

14

between the first and second intermediate points, and an
output of the comparator 1s related to a voltage of the first
output.
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